Background: Research questionnaires are not always translated appropriately before they are used in new temporal, cultural or linguistic settings. The results based on such instruments may therefore not accurately reflect what they are supposed to measure. This paper aims to illustrate the process and required steps involved in the cross-cultural adaptation of a research instrument using the adaptation process of an attitudinal instrument as an example.
Background
There is much emphasis on using standardized and validated research instruments [1] . One reason for this is the assumption that it enables comparisons of results across different studies both nationally and internationally [1] . Another assumption is that the use of validated instruments increases the certainty with which the instruments accurately reflect what they are supposed to measure [1] . However, a previously validated instrument does not necessarily mean it is valid in another time, culture or context [2] [3] [4] [5] .
There is no universal agreement on how to adapt an instrument for use in another cultural setting. However, there is agreement that it is inappropriate to simply translate and use a questionnaire in another linguistic context [2, 6] . Conversely, studies may have a comprehensive linguistic translation process, but this still does not ensure construct validity and reliability [4, 5] . As an example a questionnaire that asks about physical activity and uses cross-country skiing as an example may not be relevant in settings where there is no snow [2] . Moreover, a depression inventory validated in addicted individuals is likely to confuse somatic symptoms of depression with those of intoxication and withdrawal. Additionally, instruments that were validated some time ago may not be valid in the present time due to changes in society that occur continuously [2, 3] .
In Norway an instrument that measured staff attitudes towards opioid maintenance treatment (OMT) was needed for a study. Staff attitudes towards OMT had never previously been investigated in Norway; consequently there were no instruments available in Norwegian. An Australian-English instrument that measured staff attitudes towards OMT was available. The instrument was developed in NSW, Australia, in 1996 [7] . The instrument had been used in several other studies in Australia [8] [9] [10] [11] , USA [12] [13] [14] [15] , Netherlands [16] , Germany [17] , and Spain [18] . Items tailored towards the country's OMT system were added when the instrument was used outside of Australia [12] [13] [14] [15] [16] [17] [18] . However, previous research had not explicitly addressed the crosscultural adaptation process of the questionnaire.
The cross-cultural adaptation process is important when an instrument is used in a different language, setting and time to reduce the risk of introducing bias into a study [2] . In addition attitudes cannot be measured directly [19] . This means that attitudes are measured indirectly, through some set of items in a questionnaire [19] . In studies where a phenomenon is measured indirectly with questionnaires, comparison of results between cultures and groups may be a challenge. In particular comparison will be difficult if the adaptation process has been flawed. It is therefore important that each item is adapted appropriately.
Thus the aim of this paper is to illustrate the process and required steps involved in the cross-cultural adaptation of a research instrument using the adaptation process of an attitudinal instrument as an example.
Methods
A suggested cross-cultural adaption process Table 1 shows a suggested sequence of the cross-cultural adaptation process. The first stage is to assess if there is the same relationship between the questionnaire and underlying concept in both the original and target setting [2, 3] . In addition it is important to assess that items within the instrument are equally relevant and acceptable in the target population as they are in the original population [2] . Both conceptual and item equivalence can be assessed through a literature review [2, 3] . Findings from the literature review should be discussed with experts in the field and members of the target population [2, 3] .
The original instrument should thereafter be translated from the original language into the language of the target population [2] [3] [4] [5] . At least two persons should produce the initial translations independently [4] [5] [6] . The translators should be fluent in the language of the target population with a good understanding of the original language [2] [3] [4] [5] . The translated versions should be synthesized into one version by a third independent translator [4, 5] . Thereafter the synthesized version should be back-translated independently by at least two different persons [4] [5] [6] . The back-translators should be fluent in the original language with a good understanding of the language in the target population [2] [3] [4] [5] . Thereafter the synthesized translated version and the synthesized back-translated version should be reviewed by an expert committee [4, 5] .
The expert committee should comprise of methodologists, health professionals, language professionals, and the translators (forward and back-translators) [4] . The expert committee assesses if a word or several words reflect the same ideas or subjects in both the original and adapted versions of the questionnaire [2] [3] [4] [5] . This assessment ensures that items are translated correctly and are relevant in the new setting [4] [5] [6] . If there are uncertainties around the meaning of specific words or items, the developer of the original instrument can be contacted for clarifications [2, 4] . It is also suggested to return to the target population and have experts in the field discuss subtleties brought out by the various translation proposals [3] . The instrument should be adjusted accordingly after a consensus is reached [4, 5] . Thereafter the instrument should be pretested [4] . Between 30 and 40 respondents are viewed as appropriate in the pretest [3, 4] . Respondents are probed for their understanding, acceptability and emotional impact of the items in order to detect confusing or misleading items [3, 4] . To ask respondents to rephrase each item is one technique that can identify whether an item is understood or not [3] . Reichenheim (2007) suggests that interviews are conducted until a pre-established percentage of understanding is achieved for all items (e.g. ≥ 90%) [3] . A final semantic adjustment should be made by the research group based on the evidence from the pilot study [3] [4] [5] .
The operational equivalence of the instrument should be evaluated after the semantic adjustments [2, 3] . Operational equivalence means that it is possible to use similar questionnaire format, instructions, mode of administration and measurement methods in the target populations as was used in the original setting [2] . A literature review may give information regarding the use of instruments in the target setting [2] . It is also possible to contact experts in the field and members of the target population to assess if format, instructions, mode and administration and measurement methods are appropriate [2] . Once consensus is reached in regards to operational equivalence, the methods are incorporated into the study [3] .
Finally, the instrument should be administered to participants in a formal study. On the basis of the results from this study the psychometric properties of the instrument should be tested using recognized statistical methods [4, 5] .
Study instrument
The original study instrument was developed in 1996 [7] . The instrument comprised two attitudinal scales. The 14-item "Abstinence-orientation" scale contained two almost perfectly correlated dimensions: attitudes towards abstinence-oriented policies and support for disciplinary actions if programme rules were broken [7] . Cronbach's alpha for the "Abstinence-orientation" scale was α = 0.89 [7] . The "Disapproval of Drug Use" scale comprised six-items and was characterised by statements such as "modern society is too tolerant towards drug addicts", "marijuana should be legalized", "drug addiction is a vice" and "drug addiction is a menace to society" [7] . The Cronbach's α was 0.75. There was a positive correlation between the "Abstinence-orientation" and "Disapproval of Drug use" scales (r = 0.64) [7] .
The responses were answered on a five-point Likert scale ranging from "strongly disagree = 1" to "strongly agree = 5" [7] . A sum score was calculated for each of the two attitudinal scales by dividing the number of completed items by the total score [7] .
Additionally the instrument comprised of a 12-item knowledge scale. This scale tested respondents' knowledge of the benefits and risks of methadone treatment [7] . The scale was characterised by statements such as "methadone, when given as a maintenance programme, reduces ("blocks") the effects of heroin" and "methadone maintenance reduces addicts' criminal activities" [7] . The items were scored "1" for correct answer, "0" for "uncertain" and "-1" for incorrect answer [7] .
In total there were 32 items in the original instrument. The attitudinal and knowledge items were mixed throughout the instrument [7] .
Main study
The study had a cross-sectional multicenter design. Staff (n=140) from the national OMT programme and harm reduction services (n=180) in Oslo were invited to participate. The national OMT programme comprised of 14 centres and employed from three to thirty-three staff members. In this study two of the 14 centres were merged because they had a joint staff group at the time of the study. Harm reduction services included street clinics, needle-exchange programs, injecting rooms and housing facilities. The harm reduction services included 12 facilities and employed between six to thirty employees.
Data was collected between August and November of 2007 and was mainly collected through visits by the first author. The researcher was present during the completion of the questionnaires in all except one OMT centre and five harm reduction facilities. In the one OMT centre the researcher gave information during a staff meeting and questionnaires were returned by mail. In one harm reduction facility information about the study was given only to the leader of the facility. Questionnaires from this facility were returned by postal mail. In four harm reduction facilities the researcher gave information during staff meetings and questionnaires were returned by email and mail. Follow-up phone calls were made to ensure that staff returned questionnaires.
The study was approved by the Norwegian Regional Ethics Committee and the Data Inspectorate. Participants received written and oral information about the study. Respondents consented to participate in the study by submitting the questionnaire. The questionnaire was semi-anonymous. This means names were not required, but the name of the facility and other demographic variables made some staff theoretically identifiable. Participants were promised full anonymity. Demographic variables that identify respondents will therefore be deleted upon completion of the project.
Data analysis
Descriptive statistics were calculated using the statistical software SPSS version 16.0 [20] . Data were assessed using exploratory and confirmatory statistical analysis.
Initially the 14 original abstinence-oriented items were tested through confirmatory analysis. The confirmatory analyses were based on the one-factor model developed by Caplehorn, Irwig and Saunders [7] . Subsequently both original and new items were assessed using exploratory factor analysis. The model retrieved through exploratory factor analysis was tested through confirmatory analysis. Exploratory factor analyses were completed in the statistical software SPSS version 16.0 [20] . Confirmatory analyses were completed in the statistical software AMOS graphic version 17.0 [21] .
Exploratory factor analyses were completed using principal axis and oblique rotation methods (promax). The correlation matrix and factor loadings were used to decide which items to retain. A scree plot was used to decide the number of factors to retain. Additionally the Cronbach's alpha was assessed.
Confirmatory analyses were completed through structural equation modelling using maximum likelihood analysis. Data were checked for normality both graphically and by assessing univariate and multivariate skewness and kurtosis.
The statistical software AMOS version 17.0 does not handle missing values when modification indices are estimated [21] . Thus a missing value pattern was generated for all items to ensure that values were missing at random. If values were missing at random it would be appropriate to delete missing values listwise for the confirmatory analysis.
The sample data included two different groups (harm reduction staff and OMT staff), thus multigroup analyses were applied. Multigroup analyses were completed stepwise. The steps were 1) the model was tested separately in each group, 2) equal form (unconstrained model) was assessed, 3) equality of factor loadings were tested, 4) equality of structural covariances and 5) equality of measurement errors were assessed. Thereafter if factor loadings and indicator intercepts were invariant, the equality of latent means was assessed [22] [23] [24] .
There are several goodness-of-fit indices available in maximum likelihood analysis and no agreement on which are best. Goodness-of-fit indices reflect different aspects of the model. It is recommended to report several fit indices to assess how well the hypothetical model fit the sample data [23] . In this study the decision of overall model fit was based upon four fit indices. These indices were the comparative fit index (CFI) [25] , the Tucker-Lewis index (TLI) [26] and the root mean square error of approximation (RMSEA) [27] . The average variance extracted (AVE) [28] was also assessed. Aikaike's information criterion (AIC) [29] and the Browne-Cudek criterion (BCC) [30] were assessed to decide best model fit in the multigroup analysis. The standardized residuals and the modification indices were assessed to identify any areas of misfit in the model [31] .
CFI is based on a comparison of a hypothesized model and a baseline model [25] . The advantage of this fit index is that it avoids underestimation of fit as it takes sample size into account [23, 25] . TLI also addresses the issues of wrongful rejection or acceptance of a model due to sample size [23, 26] . Values for both CFI and TLI range from zero to 1.00. Values above 0.90 indicate acceptable fit, whereas values close to 0.95 are indicative of good fit [32] .
RMSEA is an attempt to correct for the tendency of the chi-square statistic to reject models with a large n or a large number of observed variables [27] . One of the main advantages of RMSEA is that a confidence interval (CI) can be constructed [31] . Values less than 0.05 indicate good fit and values as high as 0.08 represent reasonable errors of approximation in the population [23, 24] . Values ranging from 0.08 to 0.10 indicate mediocre fit, and those greater than 0.10 indicate poor fit [23, 24] .
AVE is a summary indicator of convergence [28] . An AVE of at least 0.50 means that variance explained by the construct is greater than the measurement error [28, 31] . AIC and BCC indicate the best trade-off of model fit and parsimony in multigroup analysis [23, 29, 30] . The model with the smallest estimate indicates the best fit [23] .
Results

Investigation of conceptual and item equivalence
The research team identified four main concepts within the study instrument. The identified concepts were 1) abstinence-orientated policies in methadone treatment, 2) attitudes towards disciplinary actions if programme rules were broken, 3) attitudes towards drug use in general and 4) knowledge of risks and benefits of methadone treatment. These concepts were identified through reading previous papers that had used the study instrument. In addition each item within the instrument was assessed for potentially irrelevant concepts in the target population.
After a review of the literature, experts and members of the target population were consulted. Based upon the literature review and the general feedback it was decided to omit the six items that made up the "Disapproval of drug use" scale. There were doubts around the relevance of the abstinence-oriented items, but it was decided to retain these items. All other items were retained except for one knowledge item that the scale's original developer suggested be omitted.
Additional items
It became evident that the instrument lacked certain concepts relevant in the Norwegian setting through discussions and feedback from experts in the addiction field and OMT staff. The main aim of the Norwegian attitudinal study was to identify attitudes that were relevant in the Norwegian setting. Thus it was decided to add items to the instrument. OMT staff and experts in the field were asked to suggest additional items. These suggestions came both via email and in face-to-face meetings. Based upon a subjective judgment of the authors and the feedback from the experts in the field, 12 attitudinal statements were added to the instrument. Examples of these statements are found in italics in table 2. Some items were variants of the original items, while other items introduced new concepts. The additional items were placed after the original items and thus did not alter the instrument's original structure.
Forward and back-translations
The original version of the questionnaire was translated from Australian-English to Norwegian by two translators. One of the translators was a health professional and the other translator was not. Both translators were fluent in Norwegian and had good knowledge of English. A third person reviewed the two translated versions and synthesized the two versions into one. This third person was fluent both in Norwegian and English. Both translators agreed on the synthesized version.
Next, the synthesized version was back-translated by two different people. One person was a health professional and one was not. One of the back-translators had English as native language, whereas the other person had lived and studied in the US for many years. The same person, who synthesized the translated versions, reviewed the two back-translations. The two back-translated versions were then synthesized into one. Words that were back-translated differently were highlighted and discussed. When an agreement was reached, the word was added to the synthesized version.
Review by expert committee
Finally the original instrument, the translated version and the back-translated version were compared by a committee. The committee comprised of PhD students, psychiatrists, medical doctors, one registered nurse and OMT staff. All members of the committee had either full-time or part-time positions at the Norwegian Centre for Addiction Research. All members knew the Norwegian OMT system well. Several members of the committee were fluent in both English and Norwegian, and had completed their degrees in English speaking countries. The instrument was adjusted according to advice from the committee. None of the translators or members of the committee were financially reimbursed. 
Pretest of instrument
A pretest of the instrument (response rate 42/69) was completed among staff working in the addiction field, but not in OMT in May-June 2007. OMT staff were not invited to participate as they were the target population in the main study. Questionnaires were mailed out via email and postal mail. The respondents were asked to complete the questionnaire and comment on words and sentences that were difficult to understand. These comments were written on a paper attached to the questionnaire. There were no criteria for how to reach certain decisions, such as retain or adjust items. Instead this was based solely on the subjective judgement of the researcher and group discussions with experts in the field. Unclear words and items identified in the pretest were discussed with members of the expert committee and target population. Final adjustments were made based on the subjective judgement of the research team after discussions with members of the expert committee and target population.
Assessment of operational equivalence
After the final adjustments of the instrument, the instrument format, instructions, mode of administration and measurement methods were assessed by the research group. There was nothing in the format, instructions, mode of administration or measurement methods that was unfamiliar to the Norwegian setting.
Main study
The overall response rate was 84% (269 out of 320 questionnaires were returned). All staff in the OMT programme (100%), and 129 out of 180 (72%) of harm reduction staff completed the survey.
Reasons given for non-participation in the harm reduction facilities were that staff was not informed and did not have time to complete the survey. One person did not trust the questionnaire would be used only as an anonymous descriptive study and therefore did not complete the questionnaire. Two questionnaires (0.74%) were unusable due to incomplete answers. There were no specific patterns in the missing values. For the confirmatory analysis 21 individuals from harm reduction and 14 individuals from OMT were deleted listwise due to one or more missing attitudinal items.
2/3 of the respondents were women. OMT staff were older than harm reduction staff, with the majority of staff (60%) in the age category 40 to 59 years. All OMT staff had more than three years of tertiary education, whereas 43% of harm reduction staff had less than three years of tertiary education. In addition more OMT staff had worked more than six years in the addiction field compared to harm reduction staff (62% versus 41%).
Confirmatory analysis of the original abstinence-oriented scale
Data had a normal distribution. The original one-factor abstinence-oriented scale failed confirmatory analysis. This means that the model did not have a good-fit-to the data neither in OMT staff (RMSEA = 0.11 (90% CI 0.09; 0.13), CFI = 0.59, TLI = 0.52, AVE = 0.17) nor in harm reduction staff (RMSEA = 0.12 (90% CI 0.09; 0.14), CFI = 0.58, TLI = 0.51, AVE = 0.19). There was substantial covariance between measurement error 3 and 5 (MI = 19.533) and error 2 and 7 (MI = 31.554) in the OMT group. The model was adjusted accordingly, but the adjusted model did not have an adequate fit to the data. In harm reduction staff, there was a relatively large covariance between error 2 and 7 (MI = 23.807), error 8 and 12 (MI = 11.439) and error 13 and 14 (MI = 11.439). The model was adjusted accordingly, but this model also failed. Table 3 shows the original factor loadings and the factor loadings in the current study. The Cronbach's alpha was α = 0.71 in harm reduction and α = 0.67 in OMT staff. In comparison the Cronbach's alpha was (α = 0.89) when the scale was originally developed.
Omitted items in the exploratory factor analysis
Five of the 14 original items had to be explained to almost all respondents (items in italics in table 3). Throughout the cross-cultural adaptation process there had been doubts around the relevance of these items in the Norwegian setting. Thus it was decided to omit the five items from the following exploratory factor analysis.
Assessing original and new items using exploratory factor analysis
The analysis produced a two-factor model including 13 items. The first factor, "Compliance", included seven items (α = 0.89). "Compliance" explained 44% of the variance in the model and the eigenvalue was 5.74. "Compliance" reflected staff attitudes towards sanctions against continuing drug use among OMT patients. The second factor, "accessibility", included six items (α = 0.78) and explained 11% of the variance in the model. Eigenvalue was 1.4. "Accessibility" reflected staff attitudes towards intake criteria in OMT.
Confirmatory analysis of the model retrieved through exploratory factor analysis
The new attitudinal model had an adequate fit to the data in both groups (Table 4 ). In the OMT group the model was adjusted to allow covariance between error 1 and 6 (MI = 11.014). The goodness-of-fit indices were improved by this adjustment (Table 4) . The model was also improved in the harm reduction group when the model was adjusted to allow covariance between error 6 and 7 (MI = 16.31) and error 11 and 12 (MI = 8.35) ( Table 4) . Multigroup analysis showed that the attitudinal scale differed in all parameters between the two groups ( Table 4 ). The mean "compliance" score for OMT staff was 3.38 (95% 3.23; 3.52) and mean "accessibility" score was 3.51 (95% CI 3.40; 3.62). In harm reduction mean compliance score was 2.54 (95% CI 2.42; 2.67) and mean "accessibility" score was 2.49 (95% CI 2.39; 2.59). It was not possible to assess differences in latent means between the two groups as item intercepts and factors loadings were not equal (Table 4) . Factor loadings in the two scales are shown in table 2. There was also a difference in factor covariance between the two groups (Table 4 ). In OMT staff the covariance between "compliance" score and "accessibility" was 0.32 and in harm reduction staff the covariance was 0.15. Consequently there was also a difference in factor correlations. Factor correlations were 0.71 for OMT staff and 0.37 for harm reduction staff.
Additionally the two groups differed in knowledge scores. OMT staff had a mean knowledge score of 6.19 (95% CI 5.80; 6.58). In comparison harm reduction staff had a mean knowledge score of 3.43 (95% CI 2.92; 3.93).
Discussion
The failure of the original scale highlights the importance of adapting instruments to current research settings. It also emphasizes the importance of ensuring a single item's and concept's validity in the current language, time and context. The thorough assessment of the Australian attitudinal instrument showed that the concept of abstinence-oriented principles in OMT was not as relevant in the Norwegian setting as it was in Australia in the 1990s. Importantly, if no items had been added at the end of the original instrument, the only findings of this study would have been that the original scale was not valid in Norway. Alternatively, one could have ignored the validity testing intentionally and simply reported findings. However, this would have been misleading and could have given the impression that abstinence-oriented principles in OMT was a current and contentious issue in Norway in 2007.
There are many potential reasons why a cross-culturally adapted scale fails confirmatory analysis. One reason could be a flawed cross-cultural adaption process. This introduces the possibility that the instrument does not measure the same concepts in the original and target settings. The pretest was not conducted according to suggested guidelines [2] [3] [4] [5] . Instead respondents were asked to highlight problematic words or items. It would have been more appropriate to ask the respondents to rephrase each item. Furthermore it would have been easier to detect any discrepancies in the instrument if the respondents were interviewed in face-to-face meetings, rather than through mail and email. Additionally decisions for when understanding was achieved for all items were left to the subjective judgement of the researchers. This introduced bias into the cross-cultural adaptation process and may be one of the reasons why the original scale failed.
Alternatively, it may be that the failure of an original scale in a new setting is due to changes in society over time [2] . The original scale was developed in the 1990s. Since then several studies have found that abstinenceoriented treatment in OMT is less effective than longterm maintenance [33, 34] . Based upon previous research it may be that the debate has moved on to other issues. In the cross-cultural adaptation process new items were added to the instrument. It is possible that this altered the structure of the original scale and thus the scale failed confirmatory analysis. However, these items were added at the end of the instrument, after the original items. This means that the structure of the instrument was the same as in the original. The additional items enabled the researchers to find two new attitudinal scales that were valid in the Norwegian setting. Yet the need for additional items suggested that the original instrument was not directly applicable in the new setting.
Another difficulty in the described cross-cultural adaptation process was to locate a second native English-speaking back-translator. This was mainly due to financial constraints. Instead for practical reasons, someone who spoke and wrote English fluently was used as a second back-translator. This illustrates that a thorough cross-cultural adaption process may be difficult to achieve if there are time or financial constraints. Regardless, the subsequent stages after the back-translation presumably detected any discrepancies that might have occurred in the back-translation process. However, it is important to acknowledge that it may have been more appropriate to use someone whose mother tongue was English.
Harm reduction staff were included in this study as a comparison group to OMT staff. It was expected that harm reduction staff would differ greatly from OMT staff. This study confirmed that harm reduction staff differed from OMT staff in age, level of education and experience in the addiction field. They had a lower response rate which was possibly related to the data collection procedure. The researcher was present in all except one OMT centre while respondents completed the questionnaires. In comparison the researcher was only present in seven out of 12 ham reduction facilities during data collection. Potentially it was easier for staff to complete the questionnaire when the researcher was present. Furthermore there were differences between groups in knowledge and attitudinal scores. Importantly multigroup analysis confirmed differences between the groups in all parameters within the new attitudinal scale.
One of these parameters was the correlations between the factors in the new attitudinal scale. There was a higher correlation between the attitudinal factors in the OMT group compared to harm reduction. The differences in correlations suggest that the two factors were more predictive of each other among OMT staff compared to harm reduction staff. If OMT staff believed that no drug use should be tolerated, there was a high possibility they believed the OMT programme should be only for a selected few. Conversely, harm reduction staff who believed drug use should not be tolerated among OMT patients did not necessarily support an OMT programme with limited access. Harm reduction staff were sampled from various institutions and therefore work within different ideologies and traditions. This could explain why there was a lower correlation between the factors among harm reduction staff.
The attitudes of OMT staff are of importance as they are likely to influence treatment practices and, subsequently, treatment outcomes [8, 10] . The persistent treatment differences between the Norwegian OMT centres documented through annual assessments [35, 36] , the high correlations between the two factors within the new attitudinal scale and high mean factor scores support the proposition that attitudes contribute to differences in treatment practices. This needs to be further investigated in a parallel study of staff attitudes and treatment outcomes.
Conclusions
The failure of the original scale highlights the importance of adapting instruments to current research settings. It also emphasizes the importance of ensuring that concepts within an instrument are equal between the original and target language, time and context. If the described stages in the cross-cultural adaptation process had been omitted, the findings would have been misleading, even if presented with apparent precision. Consequently, it is important to consider possible barriers when making a direct comparison between different nations, cultures and times. There will always be some differences between time-periods and settings, and in many cases, cross-cultural adaptation is recommended even for well established questionnaires.
